Background-Obesity may cluster in families due to shared physical and social environments.
Introduction
Overweight and obesity remain major public health concerns in children and adults despite recent evidence of stabilizing prevalence [1] [2] [3] [4] [5] . The National Survey of Children's Health documented a 10% increase in the prevalence of obesity among children and adolescents ages 10-17 between 2003 and 2007 [6] . Moreover, this prevalence increased by 23-33% for children in low-education, low-income, and higher-unemployment households. Similar socioeconomic disparities in childhood overweight and obesity have recently been documented in the UK [7] .
Concern regarding the prevalence of youth overweight and obesity over the past several decades [2, 3, 8] has stimulated much research into its causes. A diverse range of risk factors likely contribute to its etiology [9] [10] [11] [12] . Suspected contributing factors range from genetic and biological to behavioral, familial, environmental (home, school, and neighborhood environments), cultural, demographic, and socioeconomic [13] [14] [15] . Increasingly, socioecological approaches to understanding adolescent overweight and obesity have drawn attention to the inter-relatedness of many of these factors [16] [17] [18] . These developments have led researchers to employ a variety of pattern analytic methods to examine the joint, overlapping, and reinforcing effects of various putative risk factors [19] [20] [21] [22] . A brief review of findings from four such studies illuminates how such methods can inform research on the etiology of childhood obesity and documents the need for the further examination of family characteristics in this paper.
Using data from the National Survey of Children's Health, two studies have used moderator analysis [22] and classification and regression tree (CART) analyses [19] to identify groups of adolescents with homogenous sociodemographic factors and potentially modifiable risk and protective factors for overweight. Both studies identified poverty as a significant factor, with the CART analysis further illuminating numerous pathways of determinants of overweight which varied by gender, race/ethnicity, and income. A third study using data from the National Longitudinal Study of Adolescent Health employed cluster analysis to identify groups of adolescents with homogeneous weight-related behaviors [21] . Seven behavior pattern clusters were identified for males and six for females. Although few of the clusters predicted obesity for males, among females, behavior pattern clusters which included high participation in school clubs and sports were less likely to be obese. However, here too, the associations appear to be at least partially driven by family socioeconomic status, as adolescents in the school clubs and sports cluster were also more likely to be white and to have parents with higher education and income than those in other clusters. Lastly, latent class analysis has recently been used in a large regional study of adolescents to identify homogeneous subgroups with differing risks of overweight or obesity, based on parenting styles and practices in their families [20] . This study identified four unique parenting "types." Although significant associations were found between these parenting types and adolescent body mass index (BMI), the associations differed between sons and daughters and the mothers' and fathers' parenting styles and practices.
Largely unexplored are the shared physical and social environment of the household/family, how members spend their time and, importantly, overall patterns of consumption. This is particularly relevant because the behaviors of other household members and the material conditions of the home itself may affect both youth and parent weight. In addition, our ability to target public health messages that resonate with different types of families depends on an understanding of family type beyond demographic or structural differences. Two recent studies using data from the National Longitudinal Study of Adolescent Health have documented that, beyond the expected genetic contribution to youth weight, the family and home environment contribute substantially as well [13, 14] .
In this paper, we address this gap by employing latent profile analysis (LPA) to examine the social and physical environments of families and households to identify family typologies that may be particularly prone to or protective against obesity. We propose that families can be usefully grouped into a finite number of relatively homogeneous "clusters" along a latent dimension of "obesogeneity" on the basis of parent responses to questions about the social and physical environment in the home. We define family or household obesogeneity as the extent to which the characteristics of the home environment and the behavioral patterns of the adults in the family tend to promote unhealthy weight gain among its members.
Our work is informed by a conceptual model based on a socioecological approach to examining the etiology of childhood obesity, including aspects of the home environment that may influence the risk of childhood obesity. This model identifies youth weight as the outcome of interest, with the most proximally related behaviors being eating, activity, and sedentary behaviors. Three contextual areas believed to affect these behaviors included intrapersonal factors of both youth and adults (e.g., beliefs, attitudes, preferences about food, and activity options); the social environment (e.g., peer and family influence through normative expectations, modeling of behaviors, and reinforcements) and the physical environment (e.g., availability and accessibility of healthful options in the home, school, and neighborhood). While the contextual, behavioral, and health outcomes (weight) may interact in myriad ways, the model simplifies the relationships by conceiving of behaviors as the factors being most proximal to the weight outcomes while the physical and social environments may exert more distal influence. Our LPA models focus on aspects of the family/household that would be expected to influence the weight status of household members-specifically, the behaviors related to energy balance, the physical environment of the household, and affective or intrapersonal elements of the social environment, specifically parenting style and parental depressive symptoms. We specifically excluded variables representing socioeconomic status for the construction of the obesogenic typologies, choosing instead to examine how the family types may differ by socioeconomic status. To the extent that LPA allows us to define family types differing in their obesity risk based on behavioral patterns and home environment and moving beyond risk attributable to socioeconomic status, it may provide important insight into how to more effectively tailor public health messages about providing a healthful home environment.
Methods

Study Design and Participants
The sample is from the Identifying Determinants of Eating and Activity (IDEA) study (NIH U54 CA116849) and the Etiology of Childhood Obesity (ECHO) study (NIH R01 HL085978); both studies are etiologic, longitudinal studies examining factors that may be related to unhealthy weight gain in youth [16] . Identical measurement protocols allowed us to combine these two samples, increasing our potential power for understanding relationships. For the IDEA study, 349 youth ages 10-16 and one significant adult in their life (usually a parent) were recruited from within a seven-county metropolitan area from Minneapolis and St. Paul, MN, USA in 2006-2007. Youth were invited to participate regardless of weight status and were recruited from: (1) an existing cohort of youth participating in the Minnesota Adolescent Community Cohort Tobacco Study [23] , (2) a Minnesota Department of Motor Vehicle list restricted to the seven-county metro area, and (3) a convenience sample drawn from local communities.
For the ECHO study, 374 youth and a parent were recruited from the membership of HealthPartners health plan within the seven-county metropolitan area of Minneapolis, St. Paul, MN, USA between June 2007 and March 2008. We used a recruitment procedure that targeted a range of overweight and healthy weight youth and parents and that oversampled minorities. To be eligible, youth were required to be current Health-Partners members, in grades 6 through 11 in the fall of 2007, residing in one of the randomly selected middle or high school districts included in the sample, and have a parent willing to participate and be willing to allow their names and contact information to be sent from HealthPartners to the study team at University of Minnesota for further eligibility screening, consent, and measurement.
In both the IDEA and ECHO studies, youth were excluded if they or their families expected to move from the area in the next 3 years, if they had a medical condition that affected their growth, were non-English speaking or otherwise had difficulty comprehending English, or had any other physical or emotional condition that would affect their diet/activity levels or make it difficult to complete measurements. The human subjects committees at the University of Minnesota and Ohio State University approved the study. The IDEA and ECHO studies collected the same measures on all participants. Appending the data from the studies provided a larger, more diverse sample.
Measures
Variables-On the basis of the conceptual model guiding the research [16] , we chose variables related to the family social and physical environments of eating and activity and included depression to represent intra-individual factors. These variables represent risk factors for unhealthy eating, activity, or weight. For this research, we used data on the home environment and social and behavioral data from the participating adults. While behavioral data were also available from the youth, we reasoned that parental decisions frequently impact the entire family and their behaviors provide important role modeling likely to impact the behaviors of the youth in the home. In addition, the number of variables that can be used in LPA is limited.
Variables Representing the Social Environment
All social environment variables came from a self-administered parent survey completed at a clinic visit at the University of Minnesota's Epidemiology Clinical Research Center.
Positive Family Meal Patterns-The Positive Family Meal Patterns is a summative score composed of 11 items related to family mealtimes, such as, "Did all, or most, of your family living in your home eat dinner together?", "Was milk served at dinner in your home?", and "I allow my child to watch TV during a family meal." Each item was dichotomized to reflect positive vs. less-positive eating practices. For example, the question "Did all, or most, of your family living in your home eat dinner together?" had five response categories: "never", "1 or 2 times", "3 or 4 times", "5 or 6 times," and "7 times" per week. Parents who reported eating evening meals together at least five times a week were coded as "1" to indicate a positive eating practice. Never serving soft drinks and serving fruit, vegetables, and milk "almost every day" were considered positive. Not allowing TV or phone calls during dinner and not eating in the car were also positive. Positive Family Meal Patterns scores ranged from 0 to 11. Construct validity for the score has been demonstrated with more positive meal patterns being inversely related to body mass index of both adults and youth in a family. Analyses included the Positive Family Meal Patterns as a continuous variable.
Family Rules-The family rules scale (range 4-16) was composed of four items, including "We have family rules about what/when children eat", "We have family rules about time spent on TV/video games", "When I was a child, my parents enforced rules about what/when I ate", and "When I was a child, my parents enforced rules about TV watching." Four response options ranged from "strongly disagree" to "strongly agree." Cronbach's alpha was 0.66. Family rules related to diet and activities have been correlated with BMI among youth and adolescents [24] .
Authoritative Parenting Style-An authoritative parenting style (range 6-24) was determined on the basis of six items developed by Jackson et al. [25] including "I give reasons for the rules I make", and "I praise my child for doing a good job on things." Response categories ranged from "1" (strongly disagree) to "4" (strongly agree); thus, higher scores indicate a higher level of authoritative parenting. Cronbach's alpha was 0.79. Parenting style has been correlated with a variety of risk and protective factors in youth [26] [27] [28] .
Parent TV/DVD Watching-Parents were asked how many hours they spend watching TV and DVDs on a typical weekday and weekend. Response categories were "none," "<half-hour," "0.5-2 h," "2.5-4 h," "4.5-6 h," and "6+ hours." We constructed a weighted score of responses according to day of the week (range 1-6). A dose-response relationship has been found between time watching TV and weight status in children [29] and adults [30] .
Parent Fast Food Purchases-Parents were asked how many times they bought food at a fast food restaurant. Responses were "never or rarely," "1 time per month," "2 or 3 times per month," "1 or 2 times per week," "3 or 4 times per week," "5 or 6 times per week," "1 time per day," "2 times per day," and "3 or more times per day", resulting in a scale ranging from 1 to 9. Higher energy density, poorer nutrient quality, and larger portions associated with foods consumed away from home have been implicated in overweight and obesity [31] .
Variables Representing the Physical Environment
Parents were given the Physical Activity and Media Inventory and the Home Food Inventory at the clinic visit and asked to complete it at home and return within 2 weeks in a selfaddressed, postage-paid envelope.
Home Physical Activity and Media Equipment-The Physical Activity and Media Inventory is a self-report inventory of physical activity and screen media equipment in the home that documents access and availability of equipment (range 0-18.3) [32] . Developmental testing of the Physical Activity and Media Inventory showed strong testretest reliability for physical activity equipment (inter-class correlation [ICC]=0.76-0.99) and screen media equipment (ICC=0.72-0.96); criterion validity assessment showed moderate to strong correlations (physical activity, 0.67-0.98; media, 0.79-0.96) [32] .
Density of physical activity equipment (e.g., bicycles and soccer equipment) was calculated by summing the number of items and dividing by the number of rooms. Media density was similarly calculated, summing the number of screen media items (e.g., television sets, video game consoles) and dividing by the number of locations (range 0-3.9).
Home Fruit and Vegetable Variety and Obesogenic Food Availability-The
Home Food Inventory is a self-report inventory of different types of food in the home [33] . Criterion validity tests using Cohen's kappa ranged from 0.61 to 0.83; correlations between staff and participant ranged from 0.71 to 0.91, depending on category [33] .
Parents recorded the presence of fruits and vegetables by indicating a "yes" or "no" for each of 26 listed fruits and 20 vegetables. A summed score was created by adding the number of fruits and vegetables the parent recorded (range 4-40). An obesogenic score was created as an indicator of the overall healthfulness, or obesogenicity, of the food environment. The obesogenic score was derived by summing across these food groups: regular-fat dairy products, frozen and prepared desserts, savory snacks, added fats, sugar-sweetened beverages, processed meat, high-fat microwavable foods, candy, and unhealthy foods in the kitchen (range 4-60) [33] . We hypothesize that a greater variety of fruits and vegetables and lesser variety of obesogenic foods are negatively related to BMI.
Variable Representing Intra-individual Factors
Depression-Depression was measured using the Kandel and Davies depression scale (range 6-30) [34] , which includes six items asking perceptions about things like, "Feeling too tired to do things" and "Feeling nervous or tense," with responses of "not at all," "somewhat," and "very much." Cronbach's alpha was 0.79. Depressive symptoms are associated with a higher risk of adults and youth being overweight or obese [35] .
Demographic and Socioeconomic Data on the Family
Sociodemographic data came from parent and student surveys. Adolescent characteristics included gender, grade in school (sixth to eighth grade, ninth grade or higher), race (nonwhite, white), and whether they lived with both parents or just one. Variables tapping socioeconomic status were obtained from the parent survey and included whether the parent was college educated and if their youth qualified for free or reduced-price school lunch [36] .
Obesity BMI-Trained staff measured the height of youth and parents with a Shorr height board (Irwin Shorr, Olney, MD, USA) and weight and BMI using a bioelectrical impedance device (TBF-300A Body Composition Analyzer, Tanita, Arlington Heights, IL, USA). BMI was calculated as weight (kg)/ height (m 2 ). For adolescents, BMI percentiles and Z-scores were derived from Centers for Disease Control and Prevention Growth Charts [37] .
Analysis
Appending the data files, data management, and analyses were conducted using v.9.1 of the SAS System for Windows (SAS Institute, Inc., Cary, NC, USA) and MPLUS v.6.1 [38] . We excluded n= 19 subjects with missing values in any of the 10 variables used in the LPA. In addition, because variables measuring TV/DVD watching, fast food purchases, and density of media and physical activity equipment were positively skewed, they were log transformed. For the LPA, input variable Z-scores were used. LPA is a pattern analytic statistical technique appropriate for identifying such a set of mutually exclusive groupings of observations, in our case the "observations" being parent/youth dyads representing family/ household units. LPA accepts as input measures that are nominal, ordinal, or continuous indicators [39] . We estimated a series of latent profile models, ranging from one to four groups. Model fit was evaluated using both the Lo-Mendell-Rubin (LMR) Likelihood Ratio test (LRT) and the size-adjusted Bayesian information criterion (BIC) [40] . In addition, we considered the conceptual interpretation of the resultant profiles in determining the best model. Variables were treated as conditionally independent. Subjects were assigned to profiles with the highest member probability, which ranged from 0.79 to 0.90 across the three groups. Probabilities closer to one for a single class and closer to zero for the remaining classes suggest good group assignment and distinct classes.
To describe each profile, we compared family environment and behavior variables across profile groups. Chi-square tests were run to examine sociodemographic differences between profiles (e.g., adolescent gender, race, and family structure). Lastly, we estimated multivariable general linear regression models using adolescents' BMI Z-scores and parents' BMIs as dependent variables. We present the multivariable results as mean BMI Z-scores and parents' BMI separately by category of the family profile variable with three levels of adjustment: no model adjustment, adjusted by demographic and family structure variables, and with further adjustment for two socioeconomic proxy variables. We evaluated correlations between our covariates using the kappa statistic to determine whether multicollinearity was present which might reduce the precision of the regression estimates. Associations ranged from kappa of 0.04-0.24, and with the exception of the association between parental education and free or reduced price lunch were less than 0.20.
Results
Sample Characteristics
In Table 1 , we present basic demographic characteristics of the IDEA and ECHO samples, both separately and combined. ECHO student participants were younger, had higher prevalence of overweight or obesity, were less likely to have a white parent, less likely to have both parents present, and more likely to be eligible to receive free or reduced price lunch.
Latent Profile Analysis Results
Based on the Vuong-Lo-Mendell-Rubin likelihood ratio test and BIC values, and an inspection of the parameter estimates from two-, three-and four-class models, we determined that the three-profile model provided the best fit (LMR LRT for two versus three classes 142.5, p<0.01, and BIC=19226 for three classes versus BIC=19191 for four classes). The classes identified in the three profile model were distinguishable.
In Table 2 , we present the means and standard deviations of the family environment and parental behavior variables used in the LPA, displaying values for the total sample, and separately by the three profiles identified in the LPA. In Fig. 1 , we present the input variable Z-scores for the three profiles. A group we refer to as "healthy consumer/ salutogenic" families represented 64% of the sample and evinced above average levels of characteristics such as positive family eating practices and family rules, combined with low levels of TV/ DVD watching, parental fast food purchases, and home media equipment. They appeared to have resources and use them in ways that support healthy weight of the youth and adults.
A second group we will call "unenriched/obesogenic," which represented 18.8% of the sample, were characterized by less enriched material environments and homes that appeared less socially supportive and structured. Families in this profile are the least likely to display positive family meal practices and had parents who reported the highest levels of depressive symptoms and reported fewer family rules around meal time. Parents in this group also reported the most screen time, the lowest density of physical activity equipment and the lowest variety of foods in the house whether fruits and vegetables or more obesogenic offerings.
A third class we call "risky consumer," represented 16.9% of the sample, and was characterized by parents reporting the highest levels of fast food consumption, the greatest density of both physical activity and media equipment in the home, the most variety of fruits and vegetables in the home but also the largest availability of obesogenic foods in the home. This profile also evinces low levels of positive family meal practices, higher levels of depressive symptoms in the parents, fewer family rules, less authoritative parenting styles, and more parental screen time as compared to the healthy consumer/salutogenic family profile. Table 3 shows the breakdown of demographic and socioeconomic variables among the three profiles. Significant differences were found by profiles for all variables considered except youth gender and grade. White, college educated parents and families with both mother and father present were over-represented in the healthy consumer/salutogenic group and under-represented in the unenriched/obesogenic group. The unenriched/obe-sogenic group had the most families qualifying for free or reduced lunch at schools. The risky consumer group looked generally more like the overall sample average. No statistically significant differences were observed in the distribution of the family profile measure between the IDEA and ECHO study samples.
Association of Obesogenic/Salutogenic Groups with Obesity
In Table 4 , we present adolescent BMI-Z scores (top half of the table) and parent BMI (bottom half of the table), separately by family type classification, and with increasing levels of multivariable adjustment. Model 1 includes just the observed means for the three family types, using the healthy consumer/salutogenic type as the reference typology. Model 2 adds adjustment for demographic characteristics and model 3 adds adjustment for socioeconomic variables.
Family type was associated with youth BMI Z-score, p< 0.01 (type III test). Youth in the unenriched/obesogenic group had BMI Z-scores 0.65 (p<0.01) above the healthy consumer/ salutogenic group. This difference was attenuated after adjusting for demographic and socioeconomic variables, but a significant mean difference 0.51 (p<0.01) remained. Youth living in risky consumer families had initially higher BMI Z-scores relative to those in the healthy consumer/salutogenic profile, mean difference 0.26 (p= 0.01), but after covariate adjustment, the attenuated association was no longer significant, mean difference 0.18 (p=0.09).
Parents in the unenriched/obesogenic group had higher BMI than those in the healthy consumer/salutogenic group, mean difference 4.0 kg/m 2 (p<0.01). After adjustment for demographic and socioeconomic variables, this difference was attenuated but remained significant, 2.7 kg/m 2 (p< 0.01). Finally, parents in the risky consumer group had initially higher BMI than parents in the healthy consumer/ salutogenic families, 1.9 kg/m 2 (p<0.01) but this association was attenuated and became statistically non-significant after multivariable adjustment 0.8 kg/m 2 (p=0.18).
Discussion
The family typologies identified in our study are strongly correlated with multiple measures of demographic and socioeconomic factors, suggesting that the physical and social environments of homes reflect families' socioeconomic status. For both youth and parents, being in a family identified as unenriched/obesogenic type as compared to the healthy consumer/salutogenic type is a significant predictor of higher BMI Z-scores and BMI, respectively, even after controlling for demographic and socioeconomic factors. In contrast, for both youth and parents, living in a risky consumer-type family was not a significant predictor of their respective BMI Z-scores or BMI after such adjustment. This is largely consistent with the three previously mentioned studies using pattern analytic techniques with large national datasets [19, 21, 22] all of which found that socioeconomicrelated measures were keys to defining salient population subgroups with respect to risk for obesity in youth. However, our typologies appear to explain additional variation in both youth and adult weight status, as indicated by the significant associations of the unenriched/ obesogenic profile with higher youth BMI Z-score and higher adult BMI, even after adjusting for demographic and socioeconomic measures. While the social and physical environments of these families appear to contribute additional risk of obesity, the fact that our typologies also differ notably by their sociodemographic characteristics suggests an inter-relatedness. We speculate that these intra-household patterns may reflect these families' embodiment of, or their "embeddedness" in, the social structure [41, 42] . The differences across these subgroups suggest that quite divergent public health responses may be needed to foster healthy weight status among their members.
In the case of families in the healthy consumer/ salutogenic profile, this clearly advantaged group appears to both have adequate resources, and to be using them to provide largely health-promoting home and family environments. These families are the most likely to have adequate financial resources and to report supportive family social practices. Families in this group appear to need little from public health practitioners. At the other end of the spectrum are families in the unenriched/obesogenic profile. These families are significantly more likely to be economically disadvantaged; with lower rates of college education, the highest rates of free and reduced-price lunch, the lowest likelihood of having two parents at home and the highest representation of minorities. These families also appear to offer less socially supportive and healthful environments. This combination of lower socioeconomic status, representing structural disadvantage, paired with less healthful home environments is associated with a higher likelihood of unhealthy weight status for both adolescents and adults.
Education only-based public health interventions may offer this group little help for improving their home environments. Parents in these families might benefit from clear public health messages about concrete factors such as the importance of positive family meal practices, setting rules about meal times, and reducing television viewing and purchasing fast food. However, we need to recognize that the social environment is difficult to change with their limited resources. More comprehensive structural and systemic changes may need to be considered, including interventions to change more than just their choices.
In contrast, families in the risky consumer profile do not appear to be resource poor, although they are the least likely to have a college-educated parent, and 16% of them have youth qualifying for free or reduced-price lunch. How these families use their resources is somewhat mixed, and on the whole, the family environment in this profile would, on its face, seem likely to confer substantial risk for obesity. Compared with the other groups, families in the risky consumer profile are more likely to have a high media-density home, obesogenic foods in the house, and parents who report high levels of screen time and fastfood purchases. In many ways, these families fit the profile of quintessential working-class middle America; targeted by advertising, with consumption patterns that appear to reflect the influences of such campaigns. This is also the group at which public health messaging frequently appears to be targeted.
It is therefore remarkable that after adjusting for demographic and socioeconomic measures, the BMI Z-scores for youth and BMI for parents in this group are not significantly different from those in the healthy consumer/ salutogenic profile. Potentially protective factors in the physical environment of these families include relatively high density of physical activity equipment and high variety of fruits and vegetables, both of which may mitigate the putative impact of the less favorable factors of low Positive Family Meal Patterns index, relative lack of family rules, high variety of obesogenic foods, high media density, screen time, and fast food purchases. Demographically, these families are also more likely to have two parents present, and the youth are more likely to be white, relative to the unenriched/obesogenic group. We can only speculate about other potentially protective factors not taken into account in our analyses, but based on other recent studies, candidates here include the possibility that these families live in less-stressful or less-deprived neighborhoods [43] [44] [45] , or that are more conducive to physical activity [46, 47] , relative to the unenriched/ obesogenic group. The relatively more enriched environment of these families may also buffer against the putative effects of family-or individual-level stressors on their risks of obesity [48] [49] [50] . So, as with the unenriched/obesogenic group, we must ask what traditional public health messaging has to offer these families in terms of protection against youth and parent overweight. Such efforts might include strategies aimed at helping these families resist or overcome aggressive consumer marketing campaigns. Yet, based on the suggestive evidence here, any impact of such efforts would likely have to operate through factors other than the family/ household environment measures we have examined.
Previous research has focused on demographic and socioeconomic factors to characterize families and their obesity risk [6, 7, 19, 21, 22] . Our LPA clearly identifies three types of families that differ significantly on measures that have often been used to distinguish socioeconomic status; abundant evidence suggests that obesity risk varies by socioeconomic status. However, our analysis takes this approach a step farther by grouping families based on other intra-household factors, specifically elements of the family social environment, the availability of healthy and less healthy food and activity options in the home, and parental depressive symptoms, representing intra-individual factors. Our data suggest that there are important connections between structural factors (e.g., socioeconomic status) and intrahousehold behavior patterns as elements of family life related to obesity risk in both youth and adults.
We can only speculate as to the underlying factors that cause these families to express different levels of obesity risk, such as marketing, cultural expectations, or some other social influence. Commercial influences and advertisements may systematically sell obesogenic products to specific populations or market segments. For example, perhaps our healthy consumer/salutogenic group is targeted to purchase more healthy foods and more equipment to foster physical activity, while our risky consumer group is targeted to purchase more obesogenic foods and watch more TV.
While we believe our findings offer important lessons, we also acknowledge that some caveats apply. Limitations include the relatively homogeneous sample and the fact that the IDEA and ECHO studies were conducted in only one Midwest metropolitan area. The analytic sample is predominantly white and of higher socioeconomic background, which may limit the ability to generalize our findings beyond this sample. Our reliance on responses from only one parent to characterize the household may also be a limitation. To the extent that two parents in a household have discordant responses to the measures used in our LPA, their family may have been classified differently if responses from both parents had been available. In addition, LPA is an exploratory, not confirmatory, method and, as such, does not yield definitive population subgroups. As prior pattern analytic studies demonstrate, the groupings resulting from such analyses are also strongly determined by which potential risk factors are included for analysis. One of the limitations of LPA is that the number of indicator variables that can be assessed is limited. We chose our indicator variables on the basis of the conceptual model underpinning this research. Yet future research may use the same analytic technique and examine other variables such as weight status of friends, social cohesion, the neighborhood environment, or a wider range of attitudinal variables to further tease out family typologies related to obesity risk. There are also limitations to the use of the "analyze-classify-analyze" strategy we have employed [51] . Specifically, the probabilistic nature of latent profile group assignment is not explicitly taken into account in the modeling, which means that our profile classifications should be taken as suggestive as opposed to definitive. A limitation of the Positive Family Meal Patterns index is that for eight of the 11 component questions, responses about the frequency of given behaviors are dichotomized such that families reporting a frequency above a "cut point" receive a "point" for that positive behavior while families reporting any frequency below that cut point do not. This may result in some misclassification of families such that the Positive Family Meal Patterns index may underestimate the existence of some positive family meal practices. Finally, our analyses are also cross-sectional, precluding examination of the temporal ordering of associations.
The strengths of this study should also be noted. First, the novel designs of the IDEA and ECHO studies in collecting data on individual characteristics, family norms and practices, and the home environment from both parents and adolescents was an ideal scenario in which to explore the consumption behaviors and other family patterns in households. The identification of distinct family types provided interesting data that suggest the need for different public health intervention strategies for different family types. Table 3 Demographic and socioeconomic characteristics by latent profile groups, n=687 (n, percentage of sample) 
Z-scores of latent profile analysis input variables
